ABSTRACT Background: Head and neck cancer (HNC) is the seventh mostcommon type of cancer worldwide. Evidence regarding the potential protective effect of vitamins and carotenoids on HNC is limited and mostly based on case-control studies. Objective: We evaluated the association of intake of dietary vitamins C and E (including supplementation) and the most-common carotenoids (a-carotene, b-carotene, lutein plus zeaxanthin, lycopene, and b-cryptoxanthin) and risk of HNC and HNC subtypes in a large prospective study. Design: The Netherlands Cohort Study included 120,852 participants. For efficiency reasons, a case-cohort design was used. At baseline in 1986, participants completed a food-frequency questionnaire. A subcohort was randomly selected from the total cohort. After 20.3 y of follow-up, 3898 subcohort members and 415 HNC cases [131 oral cavity cancer (OCCs), 88 oro-/hypopharyngeal cancer (OHPs), and 193 laryngeal cancer cases] were available for analysis. Rate ratios and 95% CIs for highest (quartile 4) compared with lowest (quartile 1) quartiles of vitamin and carotenoid intake were estimated by using the Cox proportional hazards model. Results: A strong inverse association was shown between vitamin C and HNC overall (multivariable-adjusted rate ratio for quartile 4 compared with quartile 1: 0.39; 95% CI: 0.23, 0.66; P-trend , 0.001), OCC (multivariable-adjusted rate ratio for quartile 4 compared with quartile 1: 0.35; 95% CI: 0.16, 0.77; P-trend , 0.05), and OHPC (multivariable-adjusted rate ratio for quartile 4 compared with quartile 1: 0.29; 95% CI: 0.12, 0.67; P-trend , 0.01). No statistically significant results were shown for vitamin E, a-carotene, b-carotene, lycopene, and lutein plus zeaxanthin. The association of vitamin E and HNC was modified by alcohol status (P-interaction = 0.003) with lower risks in alcohol abstainers. Conclusions: With this study, we show an inverse association between intake of vitamin C and the incidence of HNC and HNC-subtypes. Future research is recommended to investigate the underlying mechanisms and to confirm our results, which may be promising for the prevention of HNC.
INTRODUCTION
Head and neck cancer (HNC) 5 is the seventh most-commonly occurring type of cancer worldwide and the seventh mostcommon cause of death from all cancers (1, 2). The estimated incidence worldwide is 600,000 people/y with the highest incidence in men aged 60-74 y (1, 3) .
Alcohol consumption, tobacco use, and human papillomavirus (HPV) infection are identified as important risk factors for HNC (2, (4) (5) (6) (7) (8) (9) . An inverse association is implicated for fruit and vegetable intake and HNC risk, probably because fruit and vegetables contain vitamins and carotenoids that exhibit antioxidative properties (2, (10) (11) (12) . Antioxidants can protect the human body against free radicals that are associated with higher cancer risk (13) (14) (15) . Besides, vitamins and carotenoids increase the apoptosis of cancer cells, decrease cell proliferation, and maintain the normal DNA repair system. In addition, the nutrients are essential for normal cell differentiation (16) .
One prospective cohort study investigated the association between vitamins and carotenoids and risk on HNC (17) . Despite the small number of cases in the 34,691 postmenopausal women, results suggested that high intake of antioxidants may be protective against HNC. A meta-analysis from 2013 provided evidence about the protective effect of carotenoids on HNC risk (18) . However, the study was mainly based on case-control studies. In addition, a pooled analysis from the International Head and Neck Cancer Epidemiology (INHANCE) consortium, which was based on 12 case-control studies, provided evidence about the protective effect of vitamin C supplement use (19) . Finally, randomized controlled trials have shown inconsistent results between the association of vitamin E and b-carotene supplementation and risk on HNC and HNC subtypes (20, 21) . Thus, the results of epidemiologic data have been inconclusive and were mainly based on case-control studies.
Therefore, we studied the association of dietary intake of vitamins C and E, which are the most-common carotenoids (a-carotene, b-carotene, lutein plus zeaxanthin, lycopene, and b-cryptoxanthin) and vitamin C and E supplements and risk on HNC and HNC subtypes in a large prospective cohort study. The following hypotheses were investigated: 1) risk of HNC is higher in participants with low intakes of vitamins and carotenoids, and 2) risks are different for subtypes of HNC [i.e., oral cavity cancer (OCC), oro-/hypopharyngeal cancer (OHPC), and laryngeal cancer (LC)]. Furthermore, we investigated the possible effect modification by smoking and alcohol consumption.
METHODS

Study design and population
Study characteristics were described in detail previously (22) . The Netherlands Cohort Study (NLCS) started in September 1986 and included 120,852 participants. Participants were aged 55-69 y at baseline and were derived from 204 Dutch municipal computerized population registries. Participants completed a questionnaire at baseline.
For efficiency reasons, a case-cohort design was used. A total of 5000 participants (2411 men and 2589 women) were randomly sampled from the total cohort at baseline to create a subcohort from which person-years at risk were estimated. Incident cases were derived from the entire cohort. All incident cases were monitored during the follow-up period of 20.3 y through annual linkage to The Netherlands Cancer Registry and The Netherlands Pathology Registry. The completeness of this cancer follow-up was estimated to be $96% (23) .
Prevalent cancer cases at baseline were excluded from the analysis except for cases of skin cancer. Participants with incomplete and inconsistent dietary data and missing data on exposure or confounding variables were also excluded. Incomplete and inconsistent dietary data included 1) participants who left $60 of 150 items blank and ate ,35 items $1 time/mo and 2) participants who left one or more item blocks blank (24) . In total, 415 pathologically confirmed incident cases and 3898 subcohort members were available for this study ( Figure 1) . As proposed by Hashibe et al. (25) , 131 cases were classified as OCC, 88 cases were classified as OHPC, and 193 cases were classified as LC. Furthermore, 3 cases were classified as "oral cavity, pharynx unspecified, or overlapping."
Approval for the NLCS was obtained by the review boards of TNO Nutrition and Food Research Institute and Maastricht University. All participants were informed about the study before participation.
Questionnaire data
At baseline, all participants completed a self-administered questionnaire, the purpose of which was to assess habitual food consumption, lifestyle, and other cancer risk factors before the start of the study.
The 150-item food-frequency questionnaire (FFQ) was part of the baseline questionnaire. To make sure misclassification was minimized, an elaborate dietary assessment that covered seasonal variations was necessary. The FFQ contained most fruit and vegetables (the main contributors of vitamins and carotenoids), which were eaten regularly in 1986, except for red cabbage, cucumber, and chicory. Because broccoli was a rarely available vegetable in 1986, it was also excluded from the FFQ. The frequency of vegetable intake was divided into 7 categories FIGURE 1 Flow diagram of number of participants for subcohort and cases, HNC overall, and oral cavity, oro-/hypopharyngeal, and laryngeal cancers available for analyses. HNC, head and neck cancer.
ranging from never or ,1 time/mo to 3-7 times/wk. However, a distinction was made between intakes of vegetables in the summer and winter. In addition, the consumption frequency of fruit ranged from never or ,1 time/mo to 6-7 times/wk. In addition, participants could fill out the number of fruit they ate per consumption. For cooked endive and string beans, participants were asked about their usual serving sizes (tablespoons and grams per person). The mean of these 2 vegetables was used as a representative of standard serving sizes of all leafy and solid vegetables, respectively, because a pilot study showed a correlation between serving sizes of different types of cooked vegetables. The serving size was multiplied by a vegetable-specific factor to determine the mean daily intake in grams for vegetable consumption. The FFQ also included the self-reported use of supplements (vitamin supplements, drops, or others) during the 5 y before completion of the questionnaire. The type of supplement, brand, years of intake, and dose per day were asked. To reduce observer bias in coding or interpretation, data of the questionnaire were key entered for incident cases and subcohort members and blinded with respect to case or subcohort status.
To calculate the daily intake of the vitamins C and E, the Dutch food-composition table was used (26) . The mean daily intake of a-carotene, b-carotene, lutein plus zeaxanthin, lycopene, and b-cryptoxanthin was calculated by using an alternative foodcomposition table, which was completed with data from manufacturers and literature (11) . Because most of these sources did not provide separate values for each of the carotenoids, lutein and zeaxanthin were taken together.
The FFQ was validated and tested for reproducibility (24, 27) . Pearson correlation coefficients between the FFQ and the 9-d diet record were moderate [0.58 for vitamin C and 0.52 for vitamin A (retinol and b-carotene)]. Data were not available for the carotenoids because there was no database for carotenoids separately at that time. However, the correlation of fruit, which is the main contributor of b-cryptoxanthin, was 0.6, and for most macronutrients, the correlation was between 0.65 and 0.80. The reproducibility study considered only a number of nutrients relevant at that time for cancer studies [e.g., vitamin A (retinol and b-carotene) and vitamin C]. The 5-y reproducibility of vitamin A and C ranged from a Pearson correlation coefficient from 0.51 to 0.64, which was considered to be moderate.
Furthermore, detailed questions were asked about alcohol consumption and tobacco use at different moments during several years before the start of the NLCS (28) . Briefly, we asked for alcohol consumption the year before the completion of the questionnaire. In addition, we asked for alcohol consumption 5 y before baseline. Mean daily intake of ethanol (g/d) was calculated by using the Dutch food-composition table. The questionnaire asked about smoking status, number of smoking years, and number of cigarettes smoked daily.
Data analysis
The Cox proportional hazards model was used to estimate ageand sex-adjusted rate ratios, multivariable-adjusted rate ratios, and 95% CIs. Analyses were performed for vitamins C and E, the carotenoids a-carotene, b-carotene, lutein plus zeaxanthin, lycopene, and b-cryptoxanthin, and the use of any supplement containing vitamin C or E.
Participants were categorized, depending on the sex-specific distribution in the subcohort, according to quartiles of intake of these nutrients (quartile 1 for the lowest intake and quartile 4 for the highest intake). Furthermore, participants were categorized as users or nonusers of supplements containing vitamin C or E. Continuous variables were constructed for vitamins and carotenoids on the basis of the difference between 75th and 25th percentiles in the subcohort. The increment ranged from 50 mg vitamin C/d for to 0.2 mg b-cryptoxanthin/d.
Vitamin and carotenoid intake of HNC cases diagnosed within the first 2 y of follow-up (n = 33) were compared with intakes of HNC cases diagnosed later in follow-up (n = 382). Early symptoms of HNC could have influenced intakes of vitamins and carotenoids and, therefore, led to reversed causation. Independent samples t tests were performed to test for significant differences because the normality assumption was still violated after the transformation of nutrient intakes. . In addition, sensitivity analyses were performed in which cases diagnosed during the first 2 y of follow-up were excluded. No differences were shown between results for the period with the exclusion of the first 2 y of follow-up and the total follow-up period (Supplemental Table 1 ). Therefore, the total follow-up period was included in the analyses.
Person-years at risk were calculated from baseline until the time of diagnosis of HNC, loss to follow-up, end of follow-up, emigration, or death, which ever occurred first. Sex; age (y); alcohol consumption (g/d); and cigarette smoking status (never, former, or current), frequency (n/d), and duration (y) were predefined confounders. The variables smoking duration and frequency were centered as proposed by Leffondré et al. (29) . The categorical variable family history of HNC and the continuous variables BMI; level of education; intakes of fish, red meat, and meat products; nonoccupational physical activity; and total daily energy intake were considered potential confounders (2, 30) . Confounders had to change the rate ratio of the continuous variable by $10% by using a backward stepwise procedure. This method resulted in a final model that contained the predefined confounders and total daily energy intake (kcal/d).
The proportional hazards assumption was tested by using scaled Schoenfeld residuals for every covariate (31) . When the proportional hazards assumption was violated, a time-varying covariate was introduced into the model and tested for significance. Current smoking did not meet the proportional hazards assumption for all HNC overall analyses with a significant timevarying covariate. It is plausible that the interaction with time might have been due to participants who stopped smoking during the follow-up period. Therefore, the time-varying covariate for current smoking was also added in the model for HNC subtypes. A more-elaborate explanation about this time-varying covariate was described elsewhere (28) .
To determine the adjusted rate ratio of one nutrient, the independent variable was mutually adjusted for the other nutrients. In addition, P-trend was calculated by using quartiles as continuous terms for independent variables in the Cox proportional hazards model. The Wald test was used to evaluate this trend.
To detect a possible interaction by sex, smoking, and alcohol consumption, a test for interaction was performed by using the interaction term in the Cox proportional hazards model and the Wald test for HNC overall cases. Furthermore, stratified analyses were performed for smoking status (never, former, or current) and alcohol consumption (0, .0-15, or .15 g/d).
All P values were based on 2-sided tests and were considered statistically significant at P , 0.05. Analyses were performed with the STATA software package (STATA, version 11.1; Stata Corp.).
RESULTS
Baseline characteristics
Cases were more frequently men (77.1%) than women ( Table  1) . Of subcohort members, almost one-half (49.3%) of participants were men. In comparison with in cases, daily median intake of most vitamins and carotenoids was higher in subcohort members (e.g., intake of vitamin C of subcohort members compared with that for HNC overall cases was 96.1 and 82.3 mg/d, respectively. There were more users of vitamin E supplements in subcohort members (6.5%) than in HNC overall cases (5.5%). However, the use of vitamin C supplements was similar in subcohort members and in HNC overall cases (10.6%).
HNC overall cases were more often current smokers (56.4%) with a higher number of pack-years (34.1) than for subcohort members (current smokers: 26.8%; 22.7 pack-years). Furthermore, with respect to alcohol use, subcohort members were more often abstainers and had a substantially lower daily ethanol intake than did cases.
Main analyses
Age-and sex-adjusted analyses ( Table 2) showed strong inverse associations, which were mostly less strong after multivariableadjusted analyses ( Table 3) .
Vitamin C intake was associated with significant age-and sexadjusted decreased risk of HNC overall (rate ratio for quartile 4 compared with quartile 1: 0.45; 95% CI: 0.34, 0.61; P-trend , 0.001) and of the subtypes OCC (rate ratio for quartile 4 compared with quartile 1: 0.43; 95% CI: 0.25, 0.73; P-trend = 0.005), OHPC (rate ratio for quartile 4 compared with quartile 1: 0.50; 95% CI: 0.29, 0.87; P-trend = 0.02), and LC (rate ratio for quartile 4 compared with quartile 1: 0.46; 95% CI: 0.29, 0.96; Ptrend , 0.001). After multivariable-adjusted analyses, vitamin C intake was still significantly associated with decreased risk of HNC overall (rate ratio for quartile 4 compared with quartile 1: 0.39; 95% CI: 0.23, 0.66; P-trend , 0.001), OCC (rate ratio for quartile 4 compared with quartile 1: 0.35; 95% CI: 0.16, 0.77; Ptrend = 0.03), and OHPC (rate ratio for quartile 4 compared with quartile 1: 0.29; 95% CI: 0.12, 0.67; P-trend = 0.003). However, the association between vitamin C and LC was NS in the multivariable-adjusted analyses.
In age-and sex-adjusted analyses, P-trend was only significant for the association of b-cryptoxanthin intake and HNC overall (P-trend , 0.001) and LC (P-trend = 0.002). No significant associations were observed between intake of vitamin E, a-carotene, b-carotene, lutein plus zeaxanthin, and lycopene and overall risk of HNC and the subtypes OCC, OHPC, and LC in age-and sex-adjusted analyses as well as in multivariable analyses. However, most associations were below unity. Furthermore, after multivariable-adjusted analyses, P-trend was NS for the association between b-cryptoxanthin intake and HNC overall and subtypes.
As regards the use of supplements containing vitamin C, point estimations were mostly .1 for users compared with nonusers for HNC overall (rate ratio: 1.18; 95% CI: 0.76, 1.85), OCC (rate ratio: 0.99; 95% CI: 0.53, 1.86), OHPC (rate ratio: 1.53; 95% CI: 0.66, 3.59), and LC (rate ratio: 1.21; 95% CI: 0.65, 2.24), but none of these estimations were significant. Intake of supplements containing vitamin E was inversely associated with HNC overall (rate ratio: 0.89; 95% CI: 0.51, 1.54) but NS. In addition, there were no clear associations between vitamin E supplements and OCC (rate ratio: 0.90; 95% CI: 0.40, 2.03), OHPC (rate ratio: 0.87; 95% CI: 0.28, 2.72), and LC (rate ratio: 1.07; 95% CI: 0.47, 2.43). However, the number of participants who used supplements was small (e.g., n = 44 for vitamin C and n = 23 for vitamin E for HNC overall cases).
Interaction
No significant interaction was shown between sex and independent variables (P-interaction ranged from 0.15 for a-carotene to 0.75 for lycopene) ( Table 4) . Hence, analyses were performed for both sexes combined.
Significant interactions were shown between categories of alcohol consumption and vitamin E intake (P-interaction = 0.003; Table 4 ). Alcohol abstainers showed decreased risks, and the group of participants who drank .15 g alcohol/d showed mostly increased risks compared with for the reference group of participants who drank .0-15 g alcohol/d. In alcohol abstainers a significant inverse association between vitamin E intake and HNC risk was shown in quartile 3 (rate ratio: 0.29; 95% CI: 0.10, 0.85) and in quartile 4 (rate ratio: 0.15; 95% CI: 0.03, 0.64). In participants who drank .15 g alcohol/d, significant associations between vitamin E intake and HNC risk were shown in quartile 1 (rate ratio: 1.97; 95% CI: 1.26, 3.09) and in quartile 2 (rate ratio: 1.77; 95% CI: 1.09, 2.88). Furthermore, when stratified on smoking status, most results were below unity for never smokers and showed increased risks for current smokers compared with for never smokers in quartile 1.
DISCUSSION
This study examined associations of vitamin and carotenoid intake with HNC risk. Strong inverse associations were shown between vitamin C and HNC overall, OCC, and OHPC. No clear associations were shown for other nutrients and vitamin supplementation; however, most point estimates showed possible protective effects. In addition, no clear differences were shown between associations of vitamin and carotenoid intake and risk on subtypes of HNC. Furthermore, the association between vitamin E intake and risk on HNC overall was modified by alcohol consumption.
Vitamin and carotenoid intake
To our knowledge, this is the largest prospective study to investigate the association of vitamin and carotenoid intake and risk on HNC, including the most-common subtypes OCC, OHCP, Percentage (all such values for categorical variables).
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Nutrient from food intake only. Nutrients from food intake only. 3 The proportional hazards assumption was possibly violated for the exposure variable in this analysis; there was no significant interaction between the exposure variable and time. 4 The proportional hazards assumption was possibly violated for the exposure variable in this analysis; there was a significant interaction between the exposure variable and time.
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Combinations of categories of sex, cigarette smoking, alcohol consumption, and Qs of vitamin C and vitamin E intake from food and risk (multivariable-adjusted associations) of HNC overall by using Cox Rate ratio (95% CI) (17) . A stronger effect was shown in our study possibly because quartiles result in more contrast between groups than do tertiles. A nested case-control study suggested a protective effect of carotenoid intake on oral cancer. However, only 28 cases were diagnosed with primary oral and pharyngeal cancer (32) . Thus, evidence from prospective cohort studies is scarce but supports our results. The INHANCE consortium suggested that vitamin C supplementation reduces risk of HNC but no linear trend was observed (33) . A pooled analysis provided the same results as our study; no clear associations were shown between supplementation and risk on HNC (34) . The different associations of vitamin supplements and vitamin intake through food could be explained by the small sample size of supplement users. Furthermore, vitamin supplements could have other properties than those of vitamin intake through food.
A number of case-control studies investigated vitamin and carotenoid intake and risk on HNC (35) (36) (37) (38) . A case-control report of Negri et al. (37) reported an OR of 0.34 (95% CI: 0.23, 0.51) for vitamin C for quintile 5 compared with quintile 1 and oral and pharyngeal cancer. Furthermore, Negri et al. (37) showed significant protective associations for vitamin E (OR: 0.44, 95% CI: 0.28, 0.71) and carotene (OR: 0.43; 95% CI: 0.28, 0.66) intakes for the highest quintile compared with lowest quintile (37) . The differences with our study could be explained by the different study design because recall bias, selection bias, and reversed causation are more likely to occur in a case-control design or because of hospital-based controls, which may not be representative of the general population.
Overall, vitamin C is suggested to have a stronger inverse association with HNC than with other micronutrients. However, epidemiologic evidence for other micronutrients remains inconclusive. In addition, evidence from case-control studies regarding micronutrients and HNC risk provided inconsistent results.
The association of vitamin C intake in our study seems to be stronger for OCC than for OHPC and LC. The results of other studies were inconsistent, and therefore, no conclusion could be drawn. However, because intake of carotenoids and vitamins is highly dependent on intake of fruit and vegetables (11) , results could be compared with associations of fruit and vegetable intake. A large prospective cohort study for the association between fruit and vegetable intake and HNC subtypes confirmed that there is a stronger benefit for OCC and OHPC with high intake than for LC (10, 12) .
Interaction between alcohol and smoking and intake of vitamins and carotenoids
No clear differences in associations with HNC were shown in strata of cigarette smoking. The INHANCE consortium (33) showed no significant associations for supplement use of vitamin C or E when stratified by smoking or drinking status. However, because of the small number of subjects in that group and, therefore, a lack of power, conclusions could not be drawn. We showed differences in risk estimates for strata of smoking and alcohol use. It is plausible that alcohol consumption and smoking status would modify the association between intake of vitamins and carotenoids and HNC. Oxidative stress could be caused by tobacco or alcohol use, which can be prevented by the effect of vitamins (39, 40) .
Thus, to our knowledge, only one other study investigated the interaction effects of cigarette smoking and alcohol consumption (33) . Because of a low number of participants in the strata, evidence about potential interaction effects on HNC risk remains inconclusive.
Mechanisms
The exact mechanisms of vitamins and carotenoids with regard to cancer risk are not fully known (41) . It was suggested that the mechanisms play a protective role in cancer and cardiovascular diseases (42) (43) (44) . A deficiency of micronutrients can damage DNA (45) , and vitamin C might play a role in the chemoprevention of cancer; the micronutrient blocks the metabolic activation of carcinogens, prevents oxidative stress, and stimulates the immune function (39) . Furthermore, vitamin E helps to detoxify drugs and other toxins that promote the development of oxidative stress (40) . Vitamin A, which is produced by a-carotene and b-carotene, induces differentiation and apoptosis (46) .
Differences between the subtypes of HNC could be explained by different exposures that were due to the location of the tumor as supposed by the World Cancer Research Fund (2) . The mouth and pharynx are directly exposed to vitamin and carotenoid intake, which could lead to stronger inverse effects than for cancer of the larynx.
Overall, there is evidence about the protective effect for micronutrients regarding cancer; however, this evidence remains inconclusive and needs more clarification.
Strengths and limitations
An important strength of the NLCS was the prospective design in which exposures were assessed before diagnosis. Therefore, it was not likely that recall bias or reversed causation influenced the results, which was confirmed by a sensitivity analysis. Second, the NLCS made it possible to distinguish between the mostcommon HNC subtypes because of the large number of participants. In addition, an effect modification of alcohol consumption and smoking status could be investigated. Besides, tobacco smoking and alcohol use were elaborately measured in the questionnaire, which made the occurrence of residual confounding for these variables unlikely. This outcome was also confirmed by comparing age-and sex-adjusted analyses with multivariable-adjusted analyses. Furthermore, it was unlikely that loss to follow-up bias occurred because of the high completeness of follow-up of both subcohort members and cases.
There were some limitations to this study. First, misclassification could have occurred for exposure variables. If so, we expect that it was nondifferential and could have caused an underestimation of effects. However, participants had steady diet habits, and the validation and reproducibility study showed that vitamins and carotenoids could rank subjects properly according to intakes of nutrients (24, 27) . Second, literature showed that HPV is associated with increased HNC risk (5) . The questionnaire did not provide any information about HPV infections of participants, which could have led to biased results. Third, proportional hazard assumptions were not fulfilled for some analyses. However, because of the limited number of cases, we could not investigate this issue in depth.
In conclusion, this large and long-term prospective cohort study shows an inverse association between intake of vitamin C and incidence of HNC and HNC subtypes and indicates an inverse association between intake of vitamin E and carotenoids and incidences of HNC and HNC subtypes. Future research is recommended to confirm our results and further investigate the underlying mechanisms, which may be promising for the prevention of HNC.
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